ABSTRACT: Results of this paper show share of aflatoxigenic moulds from genera Aspergillus and Penicillium in mycopopulations isolated from spices that are often used in meat processing (ground pepper, dried peppercorn, paprika powder, caraway and laurel). Using standard mycological methods, it has been found that all the examined samples were contaminated by Aspergillus species, and further 50% by Penicillium species. Additionally, aflatoxigenic moulds A. flavus and A. niger were found to be present. A. flavus was present with 60% in the samples of dried peppercorn -2; paprika powder -2, while its frequencies in ground pepper -1 and laurel were 50% and 28,5%. respectively. A. niger made up 50% of all the isolates of Aspergillus and Penicillium species, isolated from paprika powder -1, although its share in the samples of laurel, paprika powder -2 and ground pepper -1 was 43%, 20% and 10% respectively.
INTRODUCTION
Significant number of plants has been used for a production of spices because of its characteristical aromatic attributes. Basic role of these products is to make meals more tasty and piquant. Different parts of a plant could be used as a spice, depending on the part of the plant where aromatic substance is found. Such parts could be: offspring, seed, flower, leaf, cortex, root, or the whole plant (D i m i ã, 1999) .
Foodstuffs of plant origin, to which species belong, are favourable substrate for development of mould. Besides the changes which are caused by some mould genera, like discoloration, in some definite conditions they can produce toxic extracellular metabolites-mycotoxins (K a r a n, 2005).
Production of spices is widespread in countries with tropical climate (high temperature and humidity, planty of rainfall), which is convenient for contamination with moulds. Besides, spices are usually dried on the ground in the open spaces with poor hygienic conditions. This further stimulates mould growth and production of mycotoxines. At the global level, contamination of spices with mycotoxines is most often registered in Ethiopia, Egypt and Portugal (Z i n e d i n e, 2006).
Spices are often contaminated with soil-borne moulds, and refuse (birds, insects, rodents). Number of moulds in spices increases because of inadequate drying process, while it reduces when water activity level is under 0.60. Xerophile moulds represent particular problem: they can develop at or in a substrate with smaller content of free water (under a w 0,80) and mostly belong to genera Aspergillus and Penicillium, that are most frequent contaminants of spices (K a r a n, 2005) Aflatoxins are products of a secondary metabolism of moulds A. flavus and A. parasiticus. Almost all species of A. parasiticus are toxic, but the synthesis of aflatoxins in A. flavus significantly varies between the species.
For both species production of toxins is a result of interaction of species genotype and medium conditions in which they grow (M o r e a u and M o s s, 1979). Besides the opinion that aflatoxins are secondary metabolites only of the mentioned mould species, there are opinions that other species also (A. niger, A. ruber, P. citrinum, P. digitatum Aflatoxins are chemically difuro-cumaro-lactons. Until today, over 20 aflatoxins were isolated. Among them, the most famous and most toxic are the aflatoxins B1 and G1 and their dihydro derivates B2 and G2 (M a š i ã, 2000) .
Aflatoxins are substances without colour, smell or taste. Chemically, they are stable and resistant to degradation during normal food cooking process. It is hard to eliminate them. They could be completely destroyed by chromsulfat acid, Na hipochlorite, concentrate NaOH and by being exposed to solar light for an extended period of time (Š u t i ã and S t o j a n o v i ã, 1973). They are dissolved without melting at temperature, from 268 to 269°C. Risk of producing aflatoxins is higher during dry season. When the humidity is under normal level and temperature is high, number of the spores of Aspergillus increases in the air (M a l e t i ã, 2005).
Aflatoxins are hepatotoxins and the most famous carcinogenic agents known until today (M a l e t i ã, 2005).
Toxic effect of aflatoxins, besides carcinogenic activity, includes mutagenic, teratogenic and immunosuppressive activities. AB1 is the most powerfull hepatocancer agent known in mammals and is classified by the International Agency of Research on Cancer as Group 1 carcinogen (IARC, 1993) . The incidence of AFs in foods and feeds is relatively high in tropical and subtropical regions where climatic conditions provide optimal conditions for the mould growth (R u s t o m, 1997). Furthermore, a correlation between dietary exposure to AFs and incidence of human liver cancer in some areas, especially in Africa and Asia has been shown (Z i n e d i n e i sar., 2006).
People are usually exposed to mycotoxins during food-consumption. Aflatoxins have cumulative activity in human organism and they cannot be eliminated by any known medicine.
The production of AB1 and AB2 has been registered at temperatures of 15, 20, 25, 30, 35 and 40°C by A d e b a j o et al. (1994) , with optimal temperature of 30°C. At low temperatures (5°C), they are usually not produced (B u l l e r m a n and O l v i g n i, 1974; K r a s i ã, 2003).
Presence of aflatoxins is relatively rare in our country (M a š i ã, 2000). But, we are importing many foodstuff, including spices, from regions with tropical and subtropical climate that are often contaminated by aflatoxins. Therefore, it is clear that all the examinations of aflatoxins and their producers have great significance, especially if we know their nature and the fact that they are widely used in the food industry, particularly in the meat processing industry.
The main goal of this paper was to identify the share of aflatoxigenic moulds from genera Aspergillus and Penicillium in mycopopulations isolated from some spices.
MATERIAL AND METHODS
Mycological investigations were conducted on eight different spices samples intended for usage in meat processing industry, respectively on two ground pepper samples, two dried peppercorn samples, two samples of paprika powder and samples of caraway and laurel.
Total number of moulds in 1 g of a spice sample was determined according to Koch method. Three types of selective culture media were used: Sabouraud-maltose agar (SMA) with the addition of antibiotics (1,0 ml chloramphenicol and 1,0 ml oksytetracykline per 100 ml of medium), maltose yeast extract agar with 50% glucose (MY50-G), and medium for xerophile moulds-Czapek agar (Cz). The culture, dispersed in Petri dishes, was left to incubate for seven days at 25°C. Each test was repeated two times. The species isolated were monocultivated on Czapek agar, because of taxonomic classification. The samples were incubated for seven days at 25°C. The species isolated were identified on the basis of investigation of the macromorphological properties of colonies and micromorfological properties of conidial and other structures according to the key described by S a m s o n and van R e e n e n --H o e k s t r a (1988), and T h o m and R a p e r (1945). Tab. 1. shows results of total number of isolated moulds from spice samples.
RESULTS AND DISCUSSION
The highest number of colonies in all spice samples, except dried peppercorn -2 (4040 moulds/1 g of the sample, grown on SMA), was determined on MY50-G, and after that on SMA. The lowest number of colonies was determined on Cz, which was expected, because this is a medium that has the lowest content of nutrient compounds necessary for isolation of xerophil moulds. The presence of moulds on SMA was not determined in the caraway sample, after 7 days of incubation at 25°C.
The highest number of colonies on SMA was determined in the samples of dried peppercorn (4210 and 4040 moulds/1 g of the sample). The highest number of grown colonies on MY50-G was determined in the dried peppercorn -1 sample (6570 moulds/1 g of the sample), and the most intensive growth of moulds on Czapek agar was observed in the laurel sample (780 moulds/1 g of the sample).
Tab. 2 -Species of moulds from genera Aspergillus and Penicillium isolated from spice samples
Sample
The species of moulds Frequency of species (%) Tab. 2. displays the mould species from genera Aspergillus and Penicillium isolated from the investigated spice samples and their share in total number of mould isolates from the observed genera.
The presence of Aspergillus species was determined in all investigated spice samples. The presence of moulds from genus Penicillium was determined in the following samples: ground pepper -1, ground pepper -2, paprika powder -2 and laurel.
Among aflatoxigenic moulds, the presence of A. flavus and A. niger was detected in the analyzed samples except the samples of caraway, dried peppercorn -1 and ground pepper -2. In the paprika powder -1 sample, the only isolated aflatoxigenic mould was A. niger. Among the aflatoxigenic moulds only A. Flavus was isolated from the grain peppercorn -2. Fig. 1 . shows the share of A. flavus in total number of isolates from genera Aspergillus and Penicillium, in the contaminated samples. D i m i ã (1999) reported that 87,5% of the investigated spice samples (spice mixes, black peppercorn and paprika powder) were contaminated with moulds which belong to genera Aspergillus and Penicillium.
A. flavus detected in 50% of the mixed spice samples, and A. niger was determined in 62,5% of the same samples.
The results of mycological investigations on black peppercorn (D i m i ã, 1999) showed that the most numerous species of moulds were from genera Aspergillus and Penicillium, and they included 35,29% of all isolates. Aspergillus was detected in all analyzed samples (100%), and 62,5% of A. flavus--oryzae samples were contaminated by Penicillium species. The largest part of the investigated samples (75%) contained moulds which belong to group A. flavus-oryzae.
A. niger was isolated in 50% of black peppercorn samples. In paprika powder, A. flavus was shared with 25%, like A. niger, in total number of isolates (D i m i ã, 1999).
After investigation of 44 samples of paprika powder, E r d o g a n (2004) reported that 38,5% of the samples were contaminated with A. flavus. He detected the presence of A. niger in 57,7% of the examined samples. K a r a n et al. (2005) detected the presence of Aspergillus in all the examinated spice samples, including dried peppercorn and paprika powder. 
CONCLUSION
It was found that all the examined samples were contaminated by Aspergillus species, and further 50% by Penicillium species. Additionally, aflatoxigenic moulds, A. flavus and A. niger, were found to be present. A. flavus was present in 60% of samples of dried peppercorn -2; paprika powder -2, while its frequencies in ground pepper -1 and laurel were 50% and 28,5% respectively A. niger made up 50% of all the isolates from genera Aspergillus and Penicillium species isolated from paprika powder (regular), although its share in the samples of laurel, paprika powder -2, and ground pepper -1 was 43%, 20% and 10%, respectively.
